We have characterised a short (30 base pair) element from the Xenopus Wnt-5a promoter which is nearly identical to one located in the human Wnt-5a promoter, and has the same position relative to the transcription start site. When placed in front of a LacZ gene, this element can reproduce the same expression pattern observed for Wnt-5a at the late gastrula stage. Further we show that gastrula stage Wnt-5a expression is repressed by otx2, something which is re¯ected by the mutually exclusive expression patterns of these two genes. The isolated promoter sequence contains an OTX-consensus binding site and its' activity in embryos is repressed by ectopically expressed otx2. q
Introduction
The Wnt genes constitute a large family of secreted glycoproteins which have a range of different functions during development and in adult organisms. Vertebrate Wnt genes are divided functionally into two main subgroups. One of these, characterised by Wnt-1, are distinguished by their ability to induce a secondary axis when injected into the ventral blastomere of a two cell Xenopus embryo (Du et al., 1995) . A further characteristic of many of these Wnts, and of Wnt-1 in particular, is their ability to transform cells in culture when ectopically expressed.
A second class of Wnt genes, characterised by Wnt-5a, can not induce a secondary axis in Xenopus embryos and do not have transforming activity. Indeed, Wnt-5a can antagonise the action of Wnt-1, blocking second axis formation Xenopus (Torres et al., 1996) , and can suppress the growth of carcinoma cells in vitro (Olson et al., 1997 (Olson et al., , 1998 . Ectopic Wnt-5a expression alters morphogenetic movements in Xenopus embryos (Moon et al., 1993) resulting in defective convergence extension movements and subsequently severe posterior truncations, and animal caps excised from Wnt-5a injected embryos fail to elongate in response to activin (Moon et al., 1993) .
To date very little is known of the mechanisms which control the expression of Wnt-5a. In vitro, both cell con¯u-ence and disruption of the cytoskeleton upregulate Wnt-5a expression (Huguet et al., 1995; Jonsson et al., 1998) , effects which may be mediated by Protein Kinase C (PKC). In addition the genomic structure of the human Wnt-5a gene has been characterised (Danielson et al., 1995) . Transient transfection studies have revealed that the distal promoter is not required for expression and that the ®rst 631 base pairs of sequence encoding Wnt-5a is suf®cient for full transcriptional activity. Within this region (encoding the 5 H UTR) we have identi®ed a short region of sequence identity between the human and Xenopus Wnt-5a genes. Here we show that this element is capable of driving the observed ectodermal expression of Wnt-5a in the early Xenopus embryo and is able to mediate the repression of XWnt-5a by the homeodomain-containing transcription factor otx2.
Results
2.1. A short stretch of very high sequence identity in the Xenopus and human Wnt-5a promoters Otx2 is a homeodomain-containing transcription factor that has an important role in the formation of the anterior most structures in both vertebrate and invertebrate embryos Blitz and Cho, 1995; Pannese et al., 1995; Ang et al., 1996; Andreazzoli et al., 1997; Gammill and Sive, 1997) . In order to search for possible down stream targets of this gene we reviewed those Xenopus genomic sequences that have been submitted to Genbank, looking for the OTX binding consensus (Sakamoto et al., 1997) .
One genomic sequence that contained this element was that of Wnt-5a (Fig. 1) . As the human Wnt-5a genomic sequence had also been submitted we examined this to see if an OTX binding consensus was present, and indeed it is. To our surprise, we found that the two bases 5
H to this binding site, and 14 of the ®rst 21 nucleotides 3 H to it, were also identical in the Xenopus and human sequences (Fig. 1) . Furthermore, this short sequence (which we refer to as W5aE) is located in almost exactly the same position in both Wnt-5a genes relative to the translation start site of the encoded peptide.
Otx2 represses the expression of Wnt-5a and the XlW5aE element can mediate this repression
In order to investigate the properties of W5aE we cloned it into two different reporter constructs. In each of these the Xenopus W5aE was placed immediately 3 H to the adenovirus E1b gene TATA box to act as a basal promoter (Lillie and Green, 1989; van der Wees et al., 1998) . Upstream from the basal promoter we inserted either the ®re¯y luciferase gene (construct W5aEluc) or the LacZ gene (W5aELacZ). We then made a derivative of each of these constructs which had a single base pair change in its' putative OTX binding site (W5aEDOTX; see Fig. 1 ).
We ®rst investigated whether W5aE could drive expression of the luciferase reporter gene in whole Xenopus embryos. The plasmid was injected into Xenopus zygotes and these were allowed to develop until the late gastrula stage (12.5) when the level of luciferase activity was assayed (Fig. 2) . W5aE drives expression of the reporter gene to about ®fteen times that of the basal element alone.
Co-injection of otx2 mRNA with the reporter construct results in an almost complete suppression of W5aE activity, whilst the mutated binding site in W5aEDOTXluc does not. This suggests that the OTX binding site acts as repressive element within W5aE, at least in the context of the reporter constructs we use here. Does otx2 repress the endogenous Wnt-5a gene? In order to answer this question we ectopically expressed otx2 in the H UTR of the mouse and Xenopus Wnt-5a genes, the position of which is shown schematically. The 5 H and 3 H most bases are numbered relative to the translation start site. The base changed in the OTX consensus binding site to give the W5aEDOTX construct is shown in bold. Fig. 2 . The luciferase activity driven by the W5aEluc and W5aEDOTXluc constructs at stage 12.5 (late gastrulation) or 18 (late neurula stage). Constructs were injected into zygotes either alone or in combination with 500 pg of otx2 RNA (1otx2). basal, the luciferase reporter construct containing only the adenovirus E1B basal promoter. NIC, non-injected control. Bars represent standard error of the mean of two pools of 10 embryos. Fig. 3 . The effect of ectopic otx2 expression on XclpH3, XCG and XWnt-5a. Zygotes were injected with 500 pg of otx2 RNA and embryos were cultured until either stage 12.5 (late gastrulation) or stage 18 (late neurula) where upon gene expression was assayed by RT-PCR. Ornithine decarboxylase (ODC) is included as a loading control. NIC, non-injected control.
early embryo by injecting fertilised eggs with otx2 mRNA. The effects of otx2 over expression on early Xenopus development are well documented and cause a severe posterior truncation, a result of a very strong inhibition of convergence extension movements that elongate the embryo in the anteroposterior axis (Pannese et al., 1995) . Of the embryos injected with otx2 in this experiment, 87% had an apparent otx2 phenotype by the tailbud stage (n 64). Another result of otx2 over expression is the induction of ectopic cement glands, which in Xenopus is considered to be the most anterior tissue. Otx2 induces the expression of cement gland speci®c genes and we used one of these, XCG, as a positive control for otx2 activity. We also assayed for the induction of XclpH3, a homologue of the mouse calponin gene that is a direct down stream target of otx2 (R. Morgan and A. Durston, unpublished data), and for XWnt-5a, by RT-PCR (Fig. 3) .
Whilst both XCG and XclpH3 are up regulated by otx2, the amount of XWnt-5a in otx2-injected embryos is considerably lower than in the non-injected controls (Fig. 3) . Hence the effect of otx2 on the endogenous Wnt-5a gene is mirrored by the W5aE element. We also examined the expression of these genes at a later stage, roughly at the end of neurulation (stage 18). Interestingly the earlier repressive effect of otx2 over expression was reversed and indeed XWnt-5a seems to be induced by this later stage.
The W5aE element is suf®cient to drive the expression of Wnt-5a in the early Xenopus embryo
In order to determine whether W5aE can drive all or even just part of the expression of XWnt-5a we injected fertilised Xenopus eggs with the LacZ reporter constructs described above. Embryos were cultured until the late gastrula stage and stained for lacZ activity (blue/green, Fig. 4A±D,K,L) . We also performed a whole mount in situ hybridisation for endogenous XWnt-5a (Fig. 4E±H) and Xotx2 (Fig. 4I,J ) expression in untreated embryos at the same stage. The expression pattern of XWnt-5a is similar to that generated by W5aElacZ (Fig. 4A±D) . Expression is con®ned to the two cell layers of the ectoderm (Fig.  4C,D,G,H) and is in the entire ectoderm with the exception of the most anterior portion. The area from which XWnt-5a/ LacZ is excluded coincides with that where Xotx2 is expressed. It is apparent though that the XWnt-5a/LacZ signal is more extensive than the endogenous XWnt-5a gene. This probably re¯ects the greater stability of the LacZ signal relative to XWnt-5a RNA.
The pattern generated by W5aEDOTXLacZ is almost identical to W5aE with one important exception: Lac Z staining is present in all ectodermal cells and is no longer excluded from the anterior-most region (Fig. 4K) . The basal promoter element alone (Fig. 4L) does not drive any expression of LacZ, con®rming the results of the luciferase assays described above. Also in agreement with the results in section 2.2 is the absence of any LacZ expression from any of the constructs beyond the early neurula stage (data not shown).
Discussion

W5aE is a conserved enhancer element that can drive ectodermal expression of XWnt-5a
Here we describe a short region of sequence identity located at approximately the same position and in the same orientation, in both the Xenopus and human Wnt-5a promoters. This element, which we refer to as W5aE, can drive expression of a reporter gene in whole embryos (Fig.  2) and can reproduce the endogenous expression pattern of XWnt-5a at the late gastrula stage (Fig. 4) . It also capable of mediating the observed repression of XWnt-5a by otx2. This function may be independent from the observed ectodermal expression the element drives as mutating the OTX site alleviates otx repression, whilst allowing the element to generate the Wnt-5a pattern, except that it now extends into the region where otx is expressed.
Shortly after the closure of the blastopore no further expression of the reporter gene is observed. This is considered to be the point where gastrulation ends and neurulation begins, although of course this division is an entirely arti®-cial one as the movements of gastrulation and formation of the neural plate overlap. During neurulation there is a change in the expression pattern of XWnt-5a, whereby it becomes localised to, and very strongly expressed in the most anterior and posterior regions of the embryo (Moon et al., 1993) . By the late neurula stage the anterior expression region matches very closely the expression pattern of Xotx2, and indeed we ®nd that there is a switch from otx mediated repression of Wnt-5a to activation by this time. Hence if W5aE does play a role in the control of XWnt-5a expression, it is likely to be early in development during gastrulation when Wnt-5a is expressed pan-ectodermally except in those cells which express otx.
A common pan-ectodermal expression element?
W5aE drives expression in the ectoderm with the exception of those cells that express otx2. Changing a single site within W5aE OTX-binding consensus results in pan-ectodermal expression pattern with no apparent inhibition by otx (Figs. 1, 2 and 4 ). Given this we looked to see if we could ®nd W5aE, or a closely related sequence in other genes which are expressed exclusively and ubiquitously in the ectoderm. One such gene is that for Xenopus epidermal keratin (kerA1; Miyatani et al., 1986) . Comparing the promoter region of this gene to W5aE reveals that a very similar sequence does indeed exist within the kerA1 promoter region (Fig. 5) with the same orientation relative to W5aE. Interestingly however, the kerA1 sequence has a single base change in what would be the OTX binding domain of W5aE. Given that a similar change made in W5aE prevents repression by otx, this indicates that the kerA1 sequence may have a role in driving the pan-ectodermal expression of this gene without repression by otx.
We hope that future studies will establish whether the W5aE type element is not only suf®cient but also required for driving ectodermal expression of Wnt-5a and kerA1, and also the nature of the proteins that bind this highly conserved enhancer element.
Materials and methods
Construction of expression constructs
We inserted the Adenovirus E1b TATA box basal promoter sequence (Lillie and Green, 1989; van der Wees et al., 1998) into vector pGL3 (Promega) that contains a fulllength ®re¯y luciferase (luc) open reading frame. The following oligos were synthesised that contain BglII and HindIII adapter sequences; forward: 5 H -GATCT AGGGT ATATA ATGA-3 H and reverse: 5 H -ATCCC ATATA TTACT TCGA-3 H . These were annealed and kinased and then ligated into pGl3 cut with BglII and HindIII.
The sequence`W5aE' shown in Fig. 1 was synthesised as an oligo with SacI and NheI linkers: 5 H -CGACC CCGCA GAGCT CTTCC CTGGA TTAAC CCCCG-3 H . We also made its' reverse complement; 5 H -CTAGC GGGGG TTAAT CCAGG GAAGA GCTCT GCGGG GTCGA Fig. 5 . A comparison of the XWnt-5a and XkerA1 promoters reveal that the Xker A1 gene has a sequence similar to W5aE. The putative OTX binding site is indicated, note the single base pair change in this site between XWnt5a and XkerA1.
